Chapter 13 The Cardiovascular System

Cardiac Structure and Function

Normal Cardiac Function

CARDIAC CHAMBERS

Right heart circulates blood to lung.

Left heart circulates blood to peripheral tissues.

CARDIAC VALVES

AV valves attached to papillary muscles by chordae.

Cup-shaped semilunar valves.

BLOOD SUPPLY TO HEART

Left coronary artery:

Anterior descending: supplies anterior wall.

Circumflex: supplies lateral wall.

Right coronary artery: supplies posterior wall.

CONDUCTION SYSTEM

SA node.

AV node.

AV bundle, branches, and Purkinje fibers.

THE CARDIAC CYCLE

Blood fills ventricles passively during diastole.

Atrial contraction not essential for ventricular filling.

Only about 60 percent of ventricular blood ejected during systole (ejection fraction).

BLOOD PRESSURE

Systolic pressure: reflects force of ventricular contraction.

Diastolic pressure: measure of peripheral resistance.

Blood vessels

Large elastic arteries stretch during systole and relax in diastole.

Arterioles lower pressure and regulate flow into capillaries.

Capillaries deliver nutrients and carry away waste products.

The Electrocardiogram (ECG)

Cardiac arrhythmias: diagnosis and treatment

Atrial and ventricular fibrillation.

Heart block.

Heart Disease as a Disturbance of Cardiac Function

CONGENITAL HEART DISEASE

Classification

Failure of fetal bypass channels to close normally.

Abnormal communication between cardiac chambers.

Abnormalities that impede blood flow through the cardiovascular system.

Abnormal division of truncus arteriosus:

Left-to-right blood shunts cause pulmonary hypertension and damage lungs.

Right-to-left blood shunts cause cyanosis, polycythemia, and clubbing of digits.

Treatment methods available for many patients.

Prevention: protect fetus from intrauterine injury.

VALVULAR HEART DISEASE

Rheumatic fever and rheumatic heart disease:

Rheumatic fever is a complication of beta-streptococcal infection and causes valvular damage.

Healing leads to valve scarring. Prevented by prompt treatment of beta-streptococcal infection.

Nonrheumatic aortic stenosis:

Bicuspid aortic valve: congenital malformation eventually leads to valve thickening and scarring.

Calcific aortic stenosis: degenerative change in elderly individuals.

MITRAL VALVE PROLAPSE

Valve stretches owing to degeneration of connective tissue and prolapses into left atrium.

Chordae may rupture owing to stress.

Predisposes to arrhythmia.

SEROTONIN-RELATED HEART VALVE DAMAGE

High concentration of blood serotonin damages heart valves.

Valve damage caused by drugs that activate serotonin receptors, causing proliferation of connective tissue in valves.

ANTIBIOTIC PROPHYLAXIS TO PREVENT ENDOCARDITIS

Transient bacteremia often follows dental or surgical procedures.

Bacteria may implant on damaged heart valves and cause endocarditis.

Antibiotic treatment for selected persons.

Prosthetic heart valves.

INFECTIVE ENDOCARDITIS

Subacute: organisms of low virulence implant on damaged valves.

Acute: virulent organisms implant on normal valves and may destroy valve. Intravenous drug abusers at high risk.

Coronary Heart Disease

PATHOGENESIS OF ATHEROSCLEROSIS

Endothelial injury.
Lipids accumulate and precipitate.

Secondary fibrosis and calcification.

MAJOR RISK FACTORS

High blood lipids.

High blood pressure.

Cigarette smoking.

Diabetes.

MANIFESTATIONS

Angina pectoris.

Classification:

Stable angina: pain on exertion, subsides with rest or medication.

Unstable angina: more frequent episodes, last longer, poor response to rest or medications.

Prinzmetal’s angina: occurs at rest, caused by coronary artery spasm.

DIAGNOSIS

Angiography: detects extent of disease and localizes sites of obstruction.

CORONARY DISEASE SYMPTOMS WITH NORMAL ANGIOGRAMS

Disease missed by angiography.

Coronary vasospasm.

Failure of arterioles to dilate normally.

TREATMENT

Medical treatment:

Drugs to reduce myocardial oxygen consumption and improve coronary circulation.

Drugs to reduce myocardial irritability.

Reduction of risk factors:

Cessation of smoking.

Control of hypertension.

Anticoronary diet.

Weight reduction where appropriate.

Graduated exercises.

Surgical treatment: myocardial revascularization.

Coronary angioplasty: balloon catheter smashes atheromatous plaque and dilates artery.

Severe myocardial ischemia and its complications: a “heart attack.”

Cardiac arrest: ventricular fibrillation or asystole.

Myocardial Infarction

LOCATION: ALMOST ALWAYS LEFT VENTRICLE

Anterior wall: left anterior descending artery distribution.

Lateral wall: circumflex artery distribution.

Posterior wall: right coronary distribution.

Massive anterior and lateral wall: main left coronary distribution.

MAJOR COMPLICATIONS

Arrhythmias.

Heart failure.

Intracardiac thrombi.

Cardiac rupture: a complication of transmural infarct.

SURVIVAL AFTER MYOCARDIAL INFARCTION

Depends on patient’s age, size of infarct, presence of complications.

Average survival: 95 percent of hospitalized patients.

Survival frequency does not reflect patients who die before entering the hospital or patients with small infarcts who do not consult physician.

DIAGNOSIS

History and physical: often inconclusive.

Electrocardiogram: can detect location and size of infarct.

Enzyme tests: enzymes leak from infarcted muscle.

TREATMENT OF CORONARY THROMBOSIS

Thrombolytic (clot-dissolving) therapy or angioplasty improves survival and salvages myocardium.

Bed rest advancing to graded activity.

Anti-arrhythmia drugs: to reduce myocardial irritability.

Treatment of complications:

Heart block: requires pacemaker.

Heart failure: digitalis and diuretics.

Long-term treatment with antiarrhythmia drugs (betablockers) and aspirin improves prognosis.

COCAINE-INDUCED ARRHYTHMIAS/INFARCTS

Drug intensifies effects of sympathetic nerve impulses.

Rapid heart rate: increases oxygen requirements.

Myocardial irritability: predisposes to arrhythmias.

Constricts blood vessels: raises blood pressure.

Drug may induce coronary artery spasm/severe ischemia/myocardial infarcts.

Fatal arrhythmias/myocardial infarcts may occur in persons with normal coronary arteries. Persons with coronary atherosclerosis are at even greater risk.

Blood Lipids and Coronary Heart Disease

NEUTRAL FAT: TRIGLYCERIDE

Composed of fatty acid combined with glycerol.

Fatty acids may be saturated, unsaturated, or polyunsaturated.

CHOLESTEROL

High levels associated with increased incidence of coronary heart disease.

Transport of cholesterol by lipoprotein.

LDL cholesterol is atherogenic: “bad cholesterol.”

HDL cholesterol is protective: “good cholesterol.”

ALTERATION OF BLOOD LIPIDS BY CHANGE IN DIET

Decrease cholesterol intake.

Decrease intake of saturated fats.

Derive carbohydrates from complex carbohydrates.

Reduce alcohol intake.

C-REACTIVE PROTEIN AS A CARDIOVASCULAR RISK FACTOR

A protein produced in response to inflammation or infection.

Sensitive CRP tests detect body’s response to cells and lipids in unstable coronary artery plaques.

Test proposed as additional screening test to detect persons at risk of coronary artery disease.

The metabolic syndrome and cardiovascular disease:

An obesity-related insulin resistance syndrome.

Predisposes to cardiovascular disease and diabetes.

Effective treatment may reduce risk.

HOMOCYSTEINE AND CARDIOVASCULAR DISEASE

Persons with very high homocysteine blood levels caused by a rare hereditary disease called homocysteinuria have early onset of severe atherosclerosis.

Persons with higher-than-normal homocysteine blood levels are at higher-than-normal risk of cardiovascular disease.

Deficiency of vitamin B6, B12, or folic acid can raise homocysteine blood concentration, which can be corrected by vitamin supplements, but treatment is harmful to coronary heart disease patients by promoting cell proliferation in coronary artery plaques.

TAKING ASPIRIN TO REDUCE CARDIOVASCULAR DISEASE RISK

Blood clots are initiated by platelets that adhere to roughened areas overlying an atherosclerotic plaque, which initiates an intravascular thrombosis.

Aspirin reduces risk by inactivating a platelet enzyme that is required for platelet aggregation.

Hypertension and Hypertensive Cardiovascular Disease

INCREASED PERIPHERAL RESISTANCE INCREASES WORK OF HEART

Vascular effects:

Vessels wear out prematurely.

Weakened arteries may rupture in brain causing cerebral hemorrhage.

Renal effects: narrowing of arterioles damages kidneys.

CAUSES AND TREATMENT

In most cases cause unknown.

Treatment by drugs that lower blood pressure.

ISOLATED SYSTOLIC HYPERTENSION

Affects older persons.

Rigid aorta unable to stretch to absorb the force of ejected blood.

Systolic pressure rises, but diastolic pressure is normal.

Treatment advisable despite normal diastolic pressure.

Primary Myocardial Disease

MYOCARDITIS

Usually viral; occasionally, other pathogens or hypersensitivity state.

Onset usually abrupt, with eventual complete recovery.

CARDIOMYOPATHY

Dilated cardiomyopathy:

Heart enlarged and dilated.

Cause uncertain, no specific treatment available.

Hypertrophic cardiomyopathy:

Hereditary dominant transmission.

Disorganized muscle fibers and greatly hypertrophied heart.

Thick septum impinging on mitral valve leaflet may block outflow of blood from ventricle (idiopathic hypertrophic subaortic stenosis).

Treated by drugs that slow heart and reduce force of contraction.

Surgical resection of part of septum if medical management fails.

Heart Failure

DEFINITION

Heart no longer able to function efficiently:

Acute heart failure: rapid progression.

Chronic heart failure: slow onset and progression.

Pathogenesis:

Forward failure: inadequate cardiac output leads to salt and water retention by kidneys.

Backward failure: blood backs up in venous circulation.

Systolic and diastolic dysfunction in heart failure.

Failing ventricle can’t eject adequate blood in systole: systolic heart failure.

Ventricle can’t fill adequately in diastole: diastolic heart failure.

Treatment:

Diuretics: promote salt and water excretion.

Digitalis: increases efficiency of cardiac contraction.

ACE inhibitors.

Natriuretic peptide (BNP).

Acute Pulmonary Edema

PATHOGENESIS

Temporary disproportion in output of blood from left and right ventricles.

Blood accumulates in lung.

Extravasation of fluid in alveoli.

Aneurysms

ARTERIOSCLEROTIC ANEURYSM

Arteriosclerosis damages wall, which dilates owing to high intraluminal pressure.

Aneurysm may rupture and cause profuse hemorrhage.

Treatment by replacement with nylon or Dacron graft.

Endovascular repair available for selected cases.

DISSECTING ANEURYSM OF THE AORTA

Splitting of layers of wall.

Blood dissects through intimal tear and may rupture back into lumen or externally.

Can be treated surgically.

Diseases of the Veins

VENOUS THROMBOSIS AND THROMBOPHLEBITIS

Deep veins of lower extremities most commonly affected.

Postoperative and bed patients predisposed.

Predisposing factors, pathogenesis, manifestations, and treatment covered in Chapter 12.

VARICOSE VEINS OF LOWER EXTREMITIES

Usually a result of congenital weakness of vein wall or valves predisposing to varicosities.

May occur if deeper veins blocked or valves damaged by thrombophlebitis, diverting more blood flow to superficial veins.

Complications:

Stasis ulcers.

Rupture with bleeding.

Thrombophlebitis.

Treatment:

Medical: elastic stockings, elevation of limb.

Surgical: ligation and excision of varicosities.

VARICOSE VEINS IN OTHER LOCATIONS

Hemorrhoids: varicose veins of rectum (see Chapter 23).

Esophageal varices: in patients with cirrhosis of liver (see Chapter 21).

Varicocele: veins of spermatic cord. Usually asymptomatic, requiring no treatment.
